Estimates of the presettlement populations of wild turkeys, Meleagris gallopavo L. (Galliformes: Phasianidae) (Figs. 1 and 2) ranged from seven to 10 million, but within 100 yr wild turkeys were rare across their former range (Lewis 1986) . Restoration efforts and translocations of wild turkeys took place to reestablish populations in areas where they were previously extirpated and in areas outside historic ranges. Restoration efforts have increased populations of wild turkeys from their historic lows in the early 1900s to an estimated seven million individuals in 2004 (Tapley et al. 2004) . Populations now exist in 49 of 50 states and seven Canadian provinces and are increasing (Tapley et al. 2001 (Tapley et al. , 2004 Sauer et al. 2008) . Related to these increases, wild turkeys have been implicated in damage to crops, personal property, and other natural resources (Miller et al. 2000 , Humberg et al. 2005 , Tefft et al. 2005 , MacGowen et al. 2006 . Wildlife managers are challenged to determine causes of damage and to manage populations that both maximize positive effects and minimize negative effects. We conducted a review of the literature to determine the real and perceived damage caused by wild turkeys to agricultural and specialty crops, and potential impacts on other wildlife. In addition, we explored benefits of wild turkeys and techniques for damage management and control.
Methods
During 2010 -2011, we searched library databases (Academic Search Premier, AGRICOLA, Biological Abstracts, BioOne, LexisNexis Academic, Wildlife and Ecology Studies Worldwide, and Zoological Record), Internet search engines (Google Scholar, Internet Center for Wildlife Damage Management), and a web-based library (University of Nebraska-Lincoln Digital Commons) by using a combination of key words (wild turkey, Meleagris gallopavo, damage, depredation, agriculture, crops, landowner attitudes, urban, suburban, residential, and property) to find scientific and popular literature concerning conflicts with wild turkeys in the United States and Canada. We also searched the literature cited sections of relevant literature to determine secondary sources of information. We searched natural resource websites of all 50 states to find information on wild turkey damage. We adjusted estimates of damage for inflation to 2011 dollars (Pivetta and Reis 2007) and put the original estimate of damage in parentheses.
Results and Discussion
Agricultural Damage. Wild turkeys have been implicated by agricultural producers as a source of crop damage. We found 7 peerreviewed papers, 5 peer-edited papers, and 13 technical publications concerning agricultural damage caused by wild turkeys. Damage by wild turkeys can be confused with damage by other wildlife (Gabrey et al. 1993 ). Wild turkeys have broad forage habits and agricultural foods comprise an important part (54%) of their diet, and where available, waste corn accounts for 77% of the agricultural component (Paisley and Kubisiak 1994; Tefft et al. 2005) . Whether wild turkeys are actually causing crop damage or not, agricultural producers are concerned that if the birds are present they may be causing damage (Miller et al. 2000) . In Ohio, farmers assume wild turkeys were digging to eat corn seed or seedlings foraged in recently cultivated fields, but that was rarely the case (Ohio Department of Natural Resources-Department of Wildlife 2001). Most corn (Zea mays L.) in the summer is out of reach, but wild turkeys will forage on corn knocked down by other animals or weather or eat soybeans (Glycine max [L.] Merrill) (Fig. 3 ) left unharvested late into the fall or winter (Payer and Craven 1995) .
Wild turkeys have been documented "dusting" in fields (ODNR 2001) (Fig. 4) . Dusting is a process of ruffling fine dirt or sand through the plumage (Simmons 1985) . Feather dusting improved barb alignment and reduced dandruff in Japanese quail (Coturnix japonica Temmick and Schegel, Healy and Thomas 1973, and Stoddard (1931) reported lice multiplied quickly on bobwhite quail, Colinus virginianus L., that were kept from dusting. Dusting may cause damage to seedlings in crop fields, but often times, as with winter wheat, plants mature and germinate and damage is limited to small areas (ODNR 2001) .
Tolerance of damage caused by wildlife varies by type, amount, and severity of damage (Craven et al. 1992 ). In addition, personal attitudes toward the species involved and perceptions about population trends may influence tolerance of damage.
Assessed Damage. We found 3 peer-reviewed papers, 2 peer-edited papers, and 3 technical publications on the amount of damage wild turkeys cause to agricultural crops. Of 582,515 recorded events of crop depredation in corn and soybean fields in Indiana, raccoons (Procyon lotor L.), and white-tailed deer (Odocoileus virginianus Zimmermann), were responsible for Ͼ97% of damage to corn and deer, and woodchucks (Marmota monax L.), were responsible for 99% of damage to soybeans (Humberg et al. 2005 , MacGowen et al. 2006 . Turkeys were common in the study area and sign was recorded in fields, but no depredation was attributed to wild turkeys. In addition, the crops of wild turkeys shot in preharvest soybean fields, contained no evidence of soybeans, but rather insects, waste grain from the previous growing season, and weed seeds (ODNR 2001) .
In 1999, a nationwide survey of state and federal wildlife biologists to determine statewide levels of crop damage from wild turkeys revealed that damage was high in only two states: US$27,000 -41,000 in New York (US$20,000 -30,000) and US$68,000 in Wisconsin (US$50,000; Miller et al. 2000 , Tefft et al. 2005 . Biologists from 28 states reported receiving complaints of damage to crops by wild turkeys. Of those, nine states reported 0 -25% of damage was caused by species other than wild turkeys, five states reported 51-75% of damage was caused by species other than wild turkeys and 14 states reported 76 -100% of damage was caused by species other than wild turkeys when trained personnel investigated damage claims. The assessed level of crop damage caused by wild turkeys was light except for damage to some specialty crops, silage, and hay.
Wild turkeys can cause damage to oat hay (ODNR 2001) . Oats (Avena sativa L.) may be grown as a forage crop by harvesting the entire plant when grain is still present on the stalk. Wild turkeys damage oat hay by removing the oat kernels from bales, depositing feces and feathers, thus lowering forage quality, and tearing bales making them harder to transport (ODNR 2001) . Damage may be more common in winter when birds become food stressed.
Agency biologists from 45 states and one Canadian province responded to a survey to gauge complaints of wildlife damage and determine the number of crop damage complaints, severity of damage, and species of wildlife causing damage (Tefft et al. 2005) . Damage by wild turkeys was reported by agricultural producers in 23 crops but 93% of damage confirmed by agency personnel was reported by producers as light. Forty-one percent of reported damage was to corn, with corn silage being the most damaged, followed by planted and standing corn. Any species of wildlife frequently observed in crop fields was likely to be perceived by producers as causing crop damage; however, when assessments of damage are conducted, wild turkeys rarely were to blame, or no damage was observed (Miller et al. 2000) . Wild turkeys were often blamed for damage to crops because of their high visibility and numbers, but damage often was caused by other wildlife (Payer and Craven 1995 , Forster et al. 1997 , Tzilkowski et al. 1997 , Swanson et al. 2001 .
Perceived Damage. We found 1 peer-reviewed paper, 1 peer-edited paper, and 4 technical publications on the perceived amount of damage wild turkeys cause to agricultural crops. Farmers (n ϭ 294) were surveyed on economic losses caused by wild turkeys in Wisconsin. One-hundred thirty-three (45%) reported some economic loss caused by wild turkeys but only nine (3%) farmers reported losses ϾUS$950 (ϾUS$500; Craven 1989). Some Wisconsin farmers reported whitetailed deer and raccoons caused more damage than wild turkeys (61 and 43 responses, respectively) and 51% stated damage to crops by wild turkeys was minor. Craven (1989) also noted that the perceived relationship that more turkeys equaled more damage was supported by survey respondents. In 2008, US$8,400 (US$8,000) was paid to agricultural producers by the Wisconsin Wildlife Damage Abatement Claims Program (WWDACP) for damage to crops by wild turkeys, whereas $1.99 million (US$1.9 million) was paid for damage caused by white-tailed deer (Koele 2008) . Compensation programs for damage caused by wildlife do not address the cause of the problem and incentivize producers to report wildlife damage, real or perceived, to agencies, which in turn, become trapped in a payment system indefinitely (Wagner et al. 1997) .
In 1990, Iowa farmers (n ϭ 333) were questioned about damage to crops by wild turkeys (Gabrey et al. 1993) (Fig. 5 ). Damage to corn was reported most often (31%) but 95% of respondents reported economic losses of US$0 -850 (US$0 -500). Thirteen individuals (4%) reported damage Ͼ$850 (Ͼ$500), but some producers conceded they had associated seeing wild turkeys in the damaged fields with damage by wild turkeys. The authors concluded that the presence of turkey sign in corn fields was not related to damaged seedlings and damage caused by wild turkeys to mature ears of corn was insignificant.
Southwestern Wisconsin farmers (n ϭ 500) were randomly surveyed to document perceptions about crop damage from wild turkeys (Payer and Craven 1995) . Only 9% stated that wild turkeys were a serious problem and Ͼ50% said damage was minor or insignificant. Biologists confirmed white-tailed deer and raccoons caused 80% of damage initially blamed on wild turkeys, confirming the perception by farmers that wild turkeys were less of a problem than other wildlife.
Of 28 damage complaints investigated, five were confirmed as damage from wild turkeys, in contrast with 15 and seven incidents of damage by white-tailed deer and raccoons, respectively.
Iowa farmers (n ϭ 1,836) were randomly sampled to determine attitudes toward damage caused by white-tailed deer and other wildlife in 1996 and 2002 (USDA-NASS 2002). "Typical" farms primarily raised corn and soybeans, whereas "specialty" farms included nurseries, orchards, trees, or vegetables. In 1996, 8% of typical and 4% of specialty farm owners thought the population of wild turkeys in their area was too high. In 2002, the numbers increased to 16% and 11%, respectively. In 1996, 5% of typical and 1% of specialty farm owners reported intolerable levels of damage caused by wild turkeys. In 2002, the numbers increased to 12% and 8%, respectively. Researchers did not ask farm owners to estimate the value of crops lost because of potential bias and inaccuracy of their estimates.
Specialty Crops. We found 3 peer-reviewed papers, 1 peer-edited paper, and 2 technical publications that indicated wild turkeys have caused damage to specialty crops. In 2007, the WWDACP paid $69,000 ($63,500) to ginseng growers in Marathon County, WI, for damage caused by wild turkeys. The total cost of damage caused by wild turkeys was assessed at $107,000 ($99,000; Koele and Fike 2007) , but complaints of damage dropped by 87% from 2007 to 2008 (Koele 2008 ). Damage to ginseng may be light, but because of the high value of the crop ($350/lb; Carroll and Apsley 2004) financial loss is often considerable (Miller et al. 2000) . Damage by wild turkeys to other specialty crops such as apples (Malus domestica Borkhausen), blueberries, coffee seedlings, flowers, koa (Acacia koa A.Gray), residential gardens, and tomatoes (Solanum lycopersicum L.) has been confirmed (Miller et al. 2000) : 12 complaints were assessed as light, four were assessed as moderate, and none were assessed as heavy by wildlife biologists. Crop damage was confirmed to grapes, ornamental plants, apples, gardens, strawberries (Fragaria ananassa Duchesne), coffee, and koa by biologists from 45 states and one Canadian province (Tefft et al. 2005) . Sixteen cases were reported as light, two were moderate, and none as heavy. Twenty-five percent of all damage complaints from wild turkeys were reported on specialty farms.
Producers of blueberries in Maine have expressed concern about damage caused by wild turkeys (Huebner 2009 ). Blueberries accounted for 46% of food items used but no difference in crop loss was detected between fields that excluded wild turkeys and open fields in 2008 and 2009 (P ϭ 0.693 and P ϭ 0.498, respectively). In California, nearly equal numbers of vineyard operators (n ϭ 28 and 24, respectively) thought wild turkeys did or did not cause damage to grapes (Coates et al. 2010) . Respondents (n ϭ 12) reported high or moderate amounts of damage and 16 reported no damage or did not respond. The authors reported no correlation between vineyard size, trellis type, or region and damage complaints. Because of the smaller size of specialty farms and the higher value of specialty crops, wildlife damage may be reported more frequently and crop damage may have a higher cost to specialty crop operations. Based on field observations and complaints received, severity of damage was proportional to the number of wild turkeys involved (Sanford et al. 2004) .
Interactions with Other Wildlife. Wild turkeys are opportunistic omnivores. Although their diet consists mainly of plant matter, seeds, and invertebrates, wild turkeys have been known to consume vertebrates on occasion (Gillingham 2008 ). We found 6 peer-reviewed papers, 1 peer-edited paper, and 5 technical publications on interactions between wild turkeys and other wildlife. Wild turkeys have been observed consuming unusual or uncommon food items including snakes (Hay 1892 , Howell 1932 , Miller et al. 2000 ; salamanders, Ambystoma spp. (Bailey and Rinell 1967) ; horned lizards, Phrynosoma spp. (Ligon 1946) ; lizards (Woodruff 1908, Good and Webb 1940) ; bluegill, Lepomis macrochirus Rafinesque; crayfish, Procambarus spp. (Hurst 1992) ; and tadpoles, Bufo spp. (Miller et al. 2000) , but such events rarely documented. 
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Breeding Bird Survey counts of wild turkeys have increased by Ϸ13% annually over the past 40 yr, whereas counts of bobwhite quail have declined by Ϸ3% and counts of ring-necked pheasants, Phasianus colchicus L., have declined Ϸ1% annually over the same time period (Sauer et al. 2008) . Although wild turkeys have been implicated in the decline of bobwhite quail and ring-necked pheasants, we were unable to find any scientific evidence to substantiate this claim. Stoddard (1936) reported an occurrence of a free-ranging domestic turkey destroying and eating quail eggs, but contemporary biologists have yet to document an occurrence of a wild turkey consuming bobwhite quail eggs (Kennamer 1997; Applegate and Wells 2003; Kansas Department of Wildlife and Parks 2009) . In California, wild turkeys and quail have coexisted within the same macrohabitat types without significant detrimental effects on either because of differences in microhabitat selection and the size difference of the two birds (Gillingham 2008) .
Urban and Suburban Damage. Wild turkeys may cause damage in urban and suburban areas. We found 2 peer-reviewed papers and 2 technical publications on damage in urban and suburban areas. In 2007, the USDA-Wildlife Services along with the Federal Aviation Administration compiled a database of all wildlife and aircraft strikes (Wright 2007) . Over 66,000 reported strikes were measured from January of 1990 to December of 2006. The report included two instances of aircraft striking wild turkeys on runways that resulted in US$76,000 and $200,000 of damage to aircraft.
Wild turkeys in urban and suburban areas often become acclimated to human activities and in the absence of hunting, lose fear of humans. The birds may appear tame and may be more prone to inflict damage to golf courses, gardens, and lawns by scratching turf or mulch in search of insects or peck at cars and chase or frighten people (Sanford et al. 2004 ). Damage to automobile mirrors, paint, and bodies also was reported when male turkeys attempted to fight their reflection (Miller et al. 2000) .
Benefits. Studies also note that wild turkeys can benefit society. We found 2 peer-reviewed, 2 peer-edited, and 4 technical publications on benefits of wild turkeys. Landowners indicated that wild turkeys benefit agricultural crops by eating insects and controlling weeds (Craven 1989 , Payer and Craven 1995 , Miller et al. 2000 . In some cases wild turkeys may appear to be damaging crops when they are actually feeding on insects or waste grain (ODNR 2001 , Sanford et al. 2004 , MacGowen et al. 2006 . Iowa landowners recognized wild turkeys as both a benefit and nuisance and reported positive aspects of wild turkeys including insect control, sport hunting, and wildlife viewing (Gabrey et al. 1993 (Payer and Craven 1995) . Hunters pursuing wild turkeys spent approximately US$1.9 billion on trips, equipment, and expenditures in 2006 (USDI-FWS 2006) . In addition, substantial existence value was associated with wild turkeys and survey respondents reported the willingness to pay ϷUS$12 to view wild turkeys in the New England area of the United States (Stephens et al. 1991) .
Damage Management. Methods are available to manage damage caused by wild turkeys in rural and urban or suburban areas (Internet Center for Wildlife Damage Management 2005). Woven wire and mesh fences have been used to exclude turkeys. Wild turkeys prefer to walk rather than fly, so fences interrupt trails and normal movements. Pyrotechnics can be used to disperse wild turkeys as they are quite sensitive to light and sound. Propane cannons and shell crackers are common acoustic deterrents that are used to disperse wild turkeys in areas where damage is suspected, but bioacoustic deterrents were found ineffective in controlling damage in vineyards in California (Coates et al. 2010) . In urban or suburban areas, food sources such as bird feeders can be removed, reducing use and damage by wild turkeys. In addition, cutting grass short to avoid seed production and use of bird spikes or netting around roost areas may minimize damage. In some cases roost tress can be removed to reduce damage from droppings. Wild turkeys can be captured for removal from an area by using walk-in traps, cannon nets, net guns, or alpha-chloralose (Bergman et al. 2005) . Wild turkeys can be translocated and released away from the area or euthanized on site. The number of wild turkeys can also be reduced by shooting with shotguns or high-caliber rifles. Proper authorization is required by state wildlife agencies before trapping or killing turkeys.
Conclusions. Studies have revealed that although wild turkeys do cause damage to agricultural crops, it is likely that other species of wildlife, such as white-tailed deer or raccoons, often cause more damage. We found gaps in knowledge on the extent of wild turkey damage, thus economic thresholds have not been identified. Wild turkeys can cause significant damage to specialty crops, but because of the small size of many specialty operations, damage management techniques may be successful in reducing damage. We found gaps in knowledge concerning the interactions of wild turkeys and other wildlife. Further research is needed in turkey, quail, and ring-necked pheasant interactions. Interactions between humans and wild turkeys in urban and suburban areas have not been well researched and these interactions are likely to increase as populations of wild turkey expand into urban and suburban environments, where hunting is excluded, and wild turkeys become acclimated to humans.
